Purpose: To compare overall survival (OS) and progression-free survival (PFS) between microwave ablation (MWA) and transarterial chemoembolization (TACE) for solitary hepatocellular carcinoma (HCC) smaller than 5 cm. Methods: Patients with solitary HCC smaller than 5cm who initially underwent MWA or TACE were identified in Chinese PLA General Hospital from June 2010 to October 2015. Propensity score matching (PSM) was performed with a 1:1 matching protocol. OS and PFS were compared by using the log-rank test. After matching, subgroup analysis based on tumor size (≤3cm/3.1-5cm) was also conducted. Prognostic factors for OS and PFS were assessed with Cox proportional hazard regression model. Results: A total of 202 patients (MWA, n=120; TACE, n=82) were identified. After matching, 116 patients were included (58 patients for each treatment group). MWA provided significantly better OS and PFS than TACE for both the entire cohort (OS, P<0.001; PFS, P<0.001) and the matched cohort (OS, P=0.015; PFS, P<0.001). Subgroup analysis showed that among patients with tumor of 3cm or less, the MWA group had significantly better OS (P=0.027) and PFS (P=0.008) than the TACE group. Multivariate Cox regression analysis showed TACE was associated with worse OS (hazard ratio, 2.385; 95% CI: 1.427, 3.985; P=0.001) and PFS (hazard ratio, 2.567; 95% CI: 1.820, 3.622; P<0.001). Conclusion: MWA outperformed TACE for solitary HCC smaller than 5cm in OS and PFS. For single tumors less than 5cm, especially those smaller ones (≤3cm), priority should be given to MWA when making treatment options between MWA and TACE. Keywords: hepatocellular carcinoma, transarterial chemoembolization, microwave ablation, overall survival, progression-free survival
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second most frequent cause of cancer mortality globally. 1 As suggested by clinical practice guidelines of American Association for the Study of Liver Diseases (AASLD), 2 European Association for the Study of the Liver (EASL) 3 and National comprehensive Cancer Network (NCCN), 4 thermal ablation dominated by radiofrequency ablation (RFA) is an alternative option for patients with early HCC, especially for those ineligible resection or liver transplantation. Microwave ablation (MWA), as a relatively new ablation technique, showed promising results due to its satisfactory treatment controllability and overall coagulation performance. 5, 6 Therefore, in latest 10 years, MWA has found an increasingly application for early stage HCC 7 and gradually becoming popular in Europe and the USA. 8 Transarterial chemoembolization (TACE), despite of being the first-line therapy for intermediate-stage HCC, is also used in patients with early stage HCC as a bridge to liver transplantation (LT) or a treatment option when LT, hepatic resection (HR), and ablation are not possible, in keeping with the stage migration strategy. 9 As mentioned in EASL guidelines, in daily clinical practice, TACE is widely applied outside intermediate HCCs. 3, 10 Approximately, 22-43% of TACEs are performed in early stage 3 and some studies
reported that similar to RFA or MWA, repeat TACE can realize a complete ablation for early stage HCC. 11, 12 In treating early stage HCC, there were six studies comparing thermal ablation and TACE. [13] [14] [15] [16] [17] [18] However, to our best knowledge, there is no research comparing MWA and TACE for early stage HCC and the comparison result in longterm treatment outcome between TACE and thermal ablation is not very clear. Hence, we conducted this study to compare the overall survival (OS) and progression-free survival (PFS) between MWA and TACE for patients with solitary HCC less than 5cm.
Materials and Methods Patients
This retrospective study was approved by the institutional review board of Chinese PLA General Hospital and complied with the Declaration of Helsinki. Procedure-specific informed consent was obtained from each patient. Patients were selected from HCC patients who underwent TACE or MWA at Chinese PLA General Hospital, from June 2010 to October 2015.
Patient selection was performed with the following criteria: 1) diagnosis of HCC confirmed by liver biopsy or made clinically according to the European Association for the Study of the Liver (EASL) imaging criteria; 2) single nodule with a diameter <5 cm; 3) patients were initially treated with MWA or TACE; 4) Child-Pugh class A or B; and 5) Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2. The exclusion criteria included: 1) serious comorbidity including malignant tumors other than HCC; 2) evidence of gross vascular invasion, portal thrombosis or extrahepatic metastases at diagnosis; and 3) underwent resection or liver transplantation after MWA or TACE.
In total, 202 HCC patients meeting these criteria were identified using the protocol shown in Figure 1 . Of these, 120 and 82 patients were initially treated with MWA or TACE, respectively. In the 82 patients who underwent TACE, surgery and thermal ablation could not be performed in the following cases: 1) ineligible for surgery due to inadequate hepatic functional conditions (bilirubin level, portal hypertension, and ascites) or extrahepatic comorbidities; 2) increasing risk of thermal injury or inadequate safe margin due to tumor location (close to diaphragm, gallbladder, heart or under the capsule); and 3) refusing HR and MWA due to advanced age, financial concerns or individual preferences after a full explanation of the advices from practice guidelines.
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Procedures MWA was performed by four specialized interventional doctors (P.L. and X.L.Y., each with 20 years of experience; Z.G.C. and Z.Y.H., each with 15 years of experience). After general anesthesia, MWA was performed under standard hemodynamic monitoring using the microwave ablation system (KY-2000; Canyou Medical Instruments, Nanjing, China), which consists of a microwave generator, flexible coaxial cables and cooled shaft antennae. For tumors less than 2.0 cm, one antenna was inserted; for tumors measuring 2.0 cm or larger, two antennae were inserted with the distance of 1.0 to 2.5 cm. During the MWA procedure, the microwave energy application was set at 40-60 W for 5-10 mins in a session. Immediately following the MWA procedure, contrast-enhanced ultrasound (CEUS) was conducted to evaluate the completeness of the ablation. MWA was considered to be complete until the hyperechoic ablation zone completely covered the entire tumor in CEUS. An additional session of MWA was performed if the CEUS suggested an incomplete ablation.
TACE was conducted by two specialized interventional radiologists (M.Q.W. with 25 years of experience and F.Y.L. with 15 years of experience). After intravenous moderate sedation and local anesthesia, a 2.6-Fr microcatheter (Progreat, Terumo Corporation) was used to select the tumor feeders at the level of the segmental or subsegmental artery. Then, a mixture of iodized oil (Lipiodol; Laboratoire Andre Guerbet, Aulnay-sous-Bois, France) and doxorubicin hydrochloride (Adriamycin; Pharmacia & Upjohn, Peapack, NJ, USA) was infused through the feeding vessels. The dosage of doxorubicin hydrochloride and iodized oil depended on tumor size and vascularity. Thereafter, the feeders were embolized with gelatin sponge pledgets (Jinling Pharmaceutical Limited, Nanjing, China). The TACE procedure was ended until complete stagnation of feeding arterial flow was achieved.
Both MWA and TACE were performed during standard hemodynamic monitoring after intravenous anesthesia was achieved. All patients were followed up via combining contrast-enhanced imaging (CT or MR imaging), liver function test and levels of α-fetoprotein (AFP) at 1, 3, 6, 9 and 12 months after the procedure and thereafter every 6 months. Treatment response was assessed at 1 month after TACE or MWA based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST), which include complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD). 19 If CR was not achieved after MWA or TACE, patients would accept systematic therapy with sorafenib.
Data Measurement
Clinical and laboratory data were collected via reviewing the electronic medical records. Child-Pugh class and model for end-stage liver disease (MELD) score 20 were assessed based on the collected clinical and laboratory variables. The primary outcomes were overall survival (OS) and progression-free survival (PFS), both calculated from date of initial treatment to date of death and date of disease progression, respectively, or to October 31, 2018. In the assessment of PFS, disease progression included the development of local tumor progression, distant hepatic progression (the appearance of one or more new lesions) and extrahepatic progression. For patients evaluated as PD, the PFS was calculated as 1 month; for patients evaluated as CR, PR or SD, the PFS was calculated as the method described above. The secondary outcomes included treatment response and complications. Major complication was defined as an event that result in substantial morbidity and disability that increases the level of care, or results in hospital admission, or substantially lengthens the hospital stay.
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Statistical Analysis 
Results

Baseline Characteristics of Patients
The baseline characteristics of patients are summarized in Table 1 . Before PSM, patients who underwent TACE had a higher prevalence of ascites (14.6% vs 2.5%, P=0.002), a higher frequency of Child-Pugh B (11.0% vs 0.7%, P=0.008) and a higher proportion of tumors larger than 3cm (68.3% vs 29.2%, P<0.001) than patients who underwent MWA. After PSM, a total of 58 patients from each group were matched by applying one-to-one matching. Variables of baseline characteristics showed no significant differences between the two groups.
Treatment Response
In terms of the number of procedures, the sessions in the MWA group were less than those in the TACE group for the unmatched cohort (1.1 ± 0.3 vs 1.2 ± 0.5, P=0.019) but not for the matched cohort (1.1 ± 0.3 vs 1.3 ± 0.6, P=0.056) ( Table S1 ).
As for the treatment response, before PSM, CR rates of the TACE group were 69.5%, significantly lower than that of the MWA group (98.3%, P<0.001). After PSM, significant differences remained between the two groups (TACE vs MWA, 72.4% vs 100.0%, P<0.001) (Table S1 ).
Overall Survival
For the entire cohort, the median follow-up duration of the MWA and TACE groups was 44.0 months (range, 3.0--100.0 months) and 40.5 months (range, 3.0-89.0 months), respectively (P = 0.181). During the follow-up, 28 of 120 (23.3%) patients in the MWA group, 44 of 82 (53.7%) in the TACE group died. The 1-, 3-, and 5-year cumulative probabilities of OS were 97.5%, 84.3% and 71.6% in the MWA group and 85.2%, 58.2%, 43.3% in the TACE group, respectively (P <0.001) ( Figure S1 ). After PSM, by the end of follow-up, 16 (27.6%) patients in the MWA group and 32 (55.2%) patients in the TACE group died. A comparison in OS of the two groups is shown in Figure 2 . The cumulative OS rate at 1, 3, and 5 years were 96.5%, 76.4%, and 70.2% for the patients in MWA group and 87.8%, 59.1%, and 43.6% for patients in TACE group with significant difference (P = 0.015). In subgroup analysis based on tumor size, MWA provides better OS than TACE for patients with tumor of 3cm or smaller (P=0.027) but not for those with tumor of 3.1-5cm (P = 0.244) (Figure 3) .
In multivariate Cox regression analysis, advanced age (hazard ratio, 2.937; 95% CI: 1.796, 4.803; P<0.001), male sex (hazard ratio, 2.235; 95% CI: 1.173, 4.392; P=0.020), tumor of 3.1-5cm (hazard ratio, 1.792; 95% CI: 1.075, 2.987; P=0.025), and TACE (hazard ratio, 2.385; 95% CI: 1.427, 3.985; P=0.001) were identified as independent predictors of poor survival (Table 2) .
Progression-Free Survival
For the entire cohort, disease progression was diagnosed in 66 of 120 (55.0%) patients in the MWA group and 71 of (Figure 4) . In subgroup analysis, the cumulative PFS rates were significantly higher in the MWA group than those in the TACE group for both the tumors of 3cm or smaller (P=0.008) and the tumors of 3.1-5cm (P=0.009) ( Figure 5 ). As Table 2 shows, in multivariate Cox regression analysis, TACE was an independent risk factors associated with worse PFS (hazard ratio, 2.567; 95% CI: 1.820, 3.622; P<0.001) after adjusting possible risk factors including age (hazard ratio, 1.548; 95% CI: 1.080, 2.220; P=0.017), sex (hazard ratio, 1.608; 95% CI: 0.996, 2.597; 
Major Complications
There was no significant difference in complication incidence between TACE and MWA (TACE vs MWA, 3.3% vs 2.4%, P=0.713). Of the 82 patients who underwent TACE, one patient developed liver abscess and one patient developed femoral artery pseudoaneurysm. Of the 120 patients who underwent MWA, four patients developed major complications including hydrothorax (n=2), ascites (n=1) and liver abscess (n=1). Patients with femoral artery pseudoaneurysm were treated with ultrasound-guided thrombin injection; patients with hydrothorax, ascites or liver abscess were treated with ultrasound-guided percutaneous drainage, and conservative treatment was given when necessary. All these complications were relieved before discharge. No lifethreatening complications were observed after either procedure.
Discussion
MWA, despite of being a recent development in the field of tumor ablation, has been proposed in clinical guidelines [2] [3] [4] as an effective intervention for HCC patients. According to a latest meta-analysis including 9 clinical studies, for HCC in BCLC stage 0 and stage A, MWA is comparable to hepatic resection in terms of OS and PFS, and is associated with shorter operation time, less blood loss amount and fewer complications. 23 Besides, comprehensive analysis on comparing MWA and RFA for early stage HCC also suggested the similar effectiveness with an apparent superiority of MWA in larger tumors (3-5cm). 24 Therefore, MWA is a promising minimally invasive treatment for early HCC, especially for the larger tumors. Meanwhile, TACE, despite of being recommended for intermediatestage HCC in the guidelines, has also been a valid option for patient ineligible for curative treatment with early-stage HCC in clinical practice. 25, 26 However, there is a paucity of study comparing therapeutic effectiveness between MWA and TACE for HCC in early-stage. Hence, to present more clinical reference of the treatment allocation for early-stage HCC, we conducted this retrospective study. Our results showed that MWA has better survival benefits than TACE in OS for solitary HCC of 5cm or less and the superiority of MWA was significant in subgroup analysis of tumors of 3 cm or less. Similarly, previous study also reported that the other thermal ablation technique, RFA was superior to TACE for patients with smaller tumor burden. 16 Hence, this finding suggests that HCC patients with smaller solitary tumor may be better candidates for MWA compared with TACE.
In terms of PFS, the results suggested that for singlenodule HCC of 5cm or smaller, TACE was inferior to MWA and was an independent risk factor for worse PFS. This is similar with the results of Lee's study 14 that TACE was a negative factor for PFS in treating single HCC (3-5cm). A possible reason for the better local tumor control of MWA was its better treatment response. In fact, the efficacy of TACE is influenced by many factors including feeding arterials and tumor size. Adequate embolization is relatively easy for lesions with single feeding artery, but more difficult for tumors with complex feeders. 27, 28 However, MWA, due to a lower susceptibility to heat-sink effects and stronger coagulation ability for vessel, 29, 30 is seldom influenced by the factors in feeding arterials.
For the 3.1-5cm lesions, although our results revealed that MWA was not more effective than TACE in OS, the comparative results were clinically relevant. The comparison in PFS showed that MWA is superior to TACE, which makes it a favorable treatment modality in improving the life quality of patients and saving medical expanse. Besides, it cannot be completely confirmed by this retrospective observational study that MWA was not superior to TACE in OS. Further prospective study with longer follow-up periods will help to get a more powerful conclusion.
In terms of complications, no significant difference in major complication rate between the MWA group and the TACE group. This was in accordance with the results from other similar comparative studies 31 and suggested that both MWA and TACE were safe treatment for solitary HCC less than 5cm. This study has some limitations. First, inherent selection bias cannot be completely avoided in this cohort study. To reduce the influence of this bias on the comparative outcomes in OS and PFS, propensity score matching analysis was applied. Second, CECT was used to evaluate the response of TACE, which may inevitably overestimate the efficacy of TACE because of the interference from the iodized oil in the judgement of hyper-enhancement of tumor. However, although the CR rate of TACE was relatively high in this retrospective study, the superiority of MWA remained in the comparison in treatment response. Third, our results may not be representative of the entire world because this study was conducted in single medical center.
In conclusion, results of this study showed that MWA outperformed TACE for solitary HCC smaller than 5cm in OS and PFS, especially for the tumors of 3cm or smaller. In clinical practice, for single tumors less than 5cm, especially those smaller ones (≤3cm), priority should be given to MWA when making treatment options between MWA and TACE. Besides, when TACE is applied as an initial treatment, more endeavor should be taken to achieve complete response and closed follow-up for disease progression should be underwent. 
Disclosure
No potential conflict of interest was reported by the authors.
Cancer Management and Research
Dovepress
Publish your work in this journal
Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer patient.
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
